The availability of highly polymorphic microsatellite DNA markers on genetic maps in different 2 livestock species and their association with phenotypes now gives geneticists and bree ders an 3 effective tool for the detection of quantitative trait loci (QTL) affecting traits of interest. This paper 4 reviews QTL detection methodology with empha sis on multi-point interval mapping in half-sib 5 populations. It also summarises published reports on QTLs detected by researchers in the bovine 6 genome and suggests the way forward for QTL mapping in Japanese Black cattle. 7
INTRODUCTION 10
Most economically important trai ts in livestock are affected by many genes as well as the 11 environment and their interactions. Individual chromosomal locations where these genes 12 responsible for phenotypic variation in a particular trait are called quantitative trait loci (QTL). 13
Identifying QTL has potential to significantly increase the rate of genetic improvement through 14 implementation of marker-assisted selection (MacNeil and Grosz, 2002) . For traits that are difficult 15 or expensive to measure, are lowly heritable, occur late in life or a re determined post-mortem, 16 marker-assisted selection may substantially increase the rate of response relative to selection 17 based on estimated breeding value alone (Davis and DeNise, 1998). In many livestock species, 18 linkage maps across whole genomes are no w possible to access as a result of the availability of 19 highly polymorphic microsatellite DNA markers. These maps provide the basis for finding QTL in 20 whole genome scans. Microsatellite DNA markers on genetic maps are used to identify inheritance 21 patterns of linked segments of the genome in structured pedigree populations. Significant 22 associations of marker allele with the phenotype of interest suggest linkage of the markers to QTL. 23
It is desirable for cattle researchers to have an up -to-date compilation of published detected QTL in 24 7 1 2 A detailed description of the above methods now follows. The first step is the analysis of the 3 individual linkage groups using the multimarker approach for interval mapping described by Knott 4 et al. (1996) . Briefly, the probability of inheriting the parent's haplotype of a linkage group is 5 calculated for each offspring at fixed intervals (for instance at 1cM). This is conditional on its 6 marker genotype. Subsequently, by regressing the phenotype on the probability of inheriting the 7 first haplotype of the parent, a QTL is fitted at fixed intervals along the linkage group. Thereafter, 8 the analysis is nested within families and th e residuals pooled across families to calculate a test 9 statistic. This test statistic is calculated as an F -ratio for every map position within and across 10 families. de Koning et al. (1998 Koning et al. ( , 2001b where Yij is the trait score of individual j, half-sib offspring from parent i 3 ai is the polygenic effect for half-sib family i 4 bi is the regression coefficient within family i (i.e. allele substitution effect for a put ative QTL) 5
Xij is the conditional probability for individual j of inheriting the first haplotype from parent i 6 eij is the residual effect 7
The second step involves the identification of candidate regions based on significance levels from 8 permutation tests on the individual chromosomes as described by Churchill and Doerge (1994) and 9 applied to several half-sib studies (Spelman et al. 1996 , Vilkki et al. 1997 . Spelman et al. (1996) 10 suggested that QTL which exceed a given threshold are the cofactors in the fur ther analyses. For 11 every half-sib offspring, the transmission probabilities of the parent's first haplotype at the positions 12 of the cofactors are taken as "virtual markers" (de Koning et al. 1998 ). Subsequently, the effects of 13 all cofactors are re-estimated by multiple linear regression as follows: 
17
Variables are the same as specified previously except that bik is the substitution effect within half -18 sib family i for cofactor k, Xijk is the conditional probability for individual j of inheriting parent i's first 19 haplotype at the position of cofactor k, and n is the number of cofactors in the analysis. The use of 20 transmission probabilities as virtual markers is a convenient alternative to fitting marker scores as 21 cofactors because it allows any position on a linkage group to be included as a cofactor. Also, 22 transmission probabilities use all marker information whereas individual markers are usually not 23 informative in all families. 24
25
The third step involves the a djustment of the original phenotypic data for the estimated effects of 1 the cofactors. The phenotypic data are adjusted separately for every linkage group, thus only 2 adjusting for the effects of those cofactors that reside on other linkage groups. Zeng (1994) and 3 Doerge and Churchill (1996) stated that one of the reasons for doing this is that fitting an effect on 4 a linkage group under study reduces the power to find additional QTL on that linkage group. 5
Furthermore, conditioning on only unlinked QTL allows a re-evaluation of the cofactors (i.e. 6 identified QTL) themselves rather than considering them fixed after they are identified. The formula 7 for obtaining the adjusted phenotypes is as follows: 8
Zhij = Yij -Σ bikXijk 10 k=1
11
Variables are the same as previously described with the extension that Zhij is the adjusted 12 phenotype for animal j of parent i with regard to chromosome h. A cofactor is excluded by putting 13 its estimated substitution effect ( bik) to zero if it is found to have no significant effect. Subsequently, 14 all linkage groups are analysed by interval mapping using the adjusted phenotype Zhij instead of 15 
Yij

A REVIEW OF DETECTED QTL IN CATTLE 1
Quite a number of detected QTL from the bovine genome has been reported in the literature. An 2 alphabetical compilation of some of them and the cattle breeds concerned is shown in Table 1 . reported that a locus near the centromere of bovine chromosome 2 was responsible for muscle 19 hypertrophy in two half sib families of Belgian Blue x MARC III and Piedmontese x Angus when 20 they utilized 6 microsatellite markers to determine the presence or absence of the mh allele and 21 confirmed the location to be 4cM from the linkage group with the 95% confidence interval between 22 2 and 6 cM. A summary of detected QTL for beef traits and their estimated chromosomal locations 23 is presented in Table 2 . detected QTL for dairy traits and their estimated chromosomal locations is presented in Table 3 . 8 9
QTL MAPPING IN JAPANESE BLACK CATTLE 10
In Japan, Hirano et al. (1996) reported the isolation of 42 highly polymorphic microsatellite markers 11 from Japanese Black Cattle (Wagyu) in which 41 of the markers were assigned to bovine 12 autosomes with LOD scores >6 and exhibited an average heterozygosity value of 0.67. 13
Collaborative studies on QTL mapping for carcass weight, rib -eye area, marbling and other carc ass 14 traits in Japanese Black cattle between the Livestock Improvement Association of Japan, 15
Shirakawa Institute of Animal Genetics and twenty -one Prefectures are on-going (Mizoguchi 1998). 16
From these collaborative studies, some results (Harada et In view of the fact that huge costs are associated with the development and procureme nt of 5 microsatellite markers and genotyping large number of sires and offspring, it is suggested that 6 more of such collaborative research between Prefectures should be encouraged. Furthermore, the 7 best way forward in reducing duplication of efforts is to a ssign specific traits of economic interests 8 as well as different chromosomes to be genot yped to different research cent ers. Such centers can 9 conduct genome-wide scanning and detailed QTL analysis in Japanese Black cattle from any 10 prefecture in Japan. That way, the coverage is wider, sample size is bigger and the results must be 11 more reliable. A regular forum to discuss progress made, results, exchange of ideas and 12 streamlining of findings would be very useful and beneficial. 13 
14
In conclusion, this paper has r eviewed the different types of QTL mapping approaches with 15 emphasis on multi-point interval mapping in half-sib populations. It has also compiled a reference 16 point of published QTL detected in beef and dairy cattle for researchers in bovine genome 17 scanning. It has also made a suggestion for collaborative efforts in QTL mapping efforts in the 18 Japanese Black cattle. 19 
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